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This is a Quarterly Report of (esi’* g accoriclished during the perioc 10

ot INTRODGTION
Juna 1957 through 8 September 1857 for Plcalinny Arsenal under suppli:mented
Contract DAI1-19-020-501-ORD-(P)-53 and is des:gnated NNC-Q-2. The ! rst
four Quarterly Reports under this contract, NN-Q-1 through NN-Q-4, dealt
with free-air biast testing and are summarized in Nationai's Summary Rerort
NN-P-34. The fifth and sixth Quarterly Reports described the work on various
RDX systems. This work {g summarized in “he sixth report for September,
October, November 1956 NN-Q-7. The ceventh and eighth Quarterly Reports
describe preliminary determinations for our current Investigation cf velocity of
detonation in varied explosive systems.

National Northern Corporation gralefully acknowledgoa the gi'dance and
assistance of Picatinny Arsenal engineers in this investigation.
2,0 OBJECT OF TESTS

The task assigned under this contract. as supplemented, is a survey of
varied explosive systams for the purpoca of determining any change in detona-
tion velocity with changes in altitvde | charge diameter, and degree of confine-
ment.

31 To survey possibie changes in behavior of varied explosive systems
with changes in altitude, diameter of exrlosive column and confinement of ex-
plot:ive column, a number of specific conditions have been taken as starting
pointa. In each combination of conditions, {ive measuremen:s of the detooation
velocity of the explosive system will be made.

3 2 The axplosive systems included in these teste are TNT, B-6, 70/30
RDX/TNT, 70/30 HMX/TNT and MJX-25
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3.3 These systems are measured at ground, 30.009, €0, 000, and S¢, CO0
feet simulated altitude).

2.4 These systems are tested in cylindrical columns, one and two inches
in diameter, eighteen and seven inches long, respectively. These represent cuor
estimates for the maximum explosive weights that can be tolerated {n our altitude
chamber.

3.5 These srplosives, with the exception of MOX-2B, are measured for
detonation velocities in two conditions of confinement. In one case, no confine-
ment is used, and i the other, ons-quarter-inch-thick steel tubing of appropriate
lnside diameter MOX-2B will not sustain detonation in unconfined columns of the
two geiected diameters and gn increase in diameter is not considered feaaible. To
increase diameter would require reduction in length of column to maintain maxi-
mum charge weight atlowed in our chamrber. Columns shorter than those now
used would cause our experimental errc ‘o be tco large.

3. 8 Subsequent to initlation of our firing program, we found that we were
not able to detonate unconfined THT completely in the two selected diameters.
This is noted in the data tables, {ollowing.

4.0 TEST EQUIPMENT

4.1 The mcarsurement of detonation velocity is accomplished by insertion of
electrical probes at measured pointa in the explosive column. These probas, with
ascociated circuits, generate a sharp, high-voitage pulse (rising to approximately
300 volts in 0.1 microsecond). These pulses are used to operate start/stop circuits
va an electrcaic counter-chronograph. The electronic counter-chronograph used
is the Potter Model 471 operating at 8 megacycies.

4,2 Tests at simulated altitude are accompiished in our chamber. The

chamber has aporoximate insidc d!iGengicrs f 121148 ‘ent and way be evacuated

o




10 anrroziraateiy 120 000 feet 3 ram. Fz } by 2 Kinpey "“@-T¢0 ~3cuu puxp
run hy 2 forty horsepawer electric moie-  Tacse 128t3 run at z=-9 2ltitnde
{~ground"\ were accomplished 2t our Ha.liax Testing Fange.

5.0 TEST RESULTS

————— > i S W ——_———

5.1 The tables followirg lnclude : i of the érta obluined to date. In thase
tables, denmits is datesrmincd by dividing <he act weight of charge by the calcula-
ted volumes of th~ ‘wn sizas-o -ckarge. The 13 °x1” cylinder ts calculzted to

bave 2 volurs of 222 cubir centtmete=s and tiie 7x2" cylinder 2 volume of 360

cubic centimetere.

Avoraga W gasured Velocity
Chargn NVearur ¢ Time of
Altrtude Leraity Segmen' ‘micro- Detoration
_feet)  fgmefcci  (meters _secowds)  imeters/second)

H-6. unconfined. in une-in1h dlameter cclvun,

Ground 1.80 . 302 4i.1 7350
{760-764 1.78 . 295 4.1 7180
mm. Hg ) 1.78 3Gs 40.9 7410
1. 81 305 40 9 74680
1 8¢ . 303 411 1370
aretage Veloelty 1350

30. €GO
*22€ tnm. Fg. ) 1. 8} . 305 40 4 7550
1.79 . 302 41.3 7310
1.80 . 302 40.9 7380
1.8 . 305 40. 9 7460
1. 80 . 305 41.6 7330
Averzge Velocity T410

80, Y00
'8¢ ;am. Hg. ) 1. 80 . 302 39 3 7680
1.78 305 40 6 7510
179 02 40 4 7480
1. 80 . 303 411 7370
1.79 300 40 5 7410
cverage Veloclty 7480
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Average Velocity
Charge Measured Measurad of
Altitude Deusity Segment Time Detonation
({aet) fgms/cc) _weters) (m) (meters/second)
B-6, unconfined, in one-inch diameter column. !Cont'd)
80, 000 1.78 . 302 4.0 370
‘13 mm. Hg.) 1.78 . 302 41.0 7370
1.80 . 302 2.1 7170
1.7 .303 40.6 <400
1.80 .239 41.4 6980
Average Velocity 7270
Average Velocity of 20 tests 7380
R-6, unconfined, ia two-inch diameter column.
Ground 1.83 .099 14.0 7070
(760-764 1.77 .100 14.5 6900
mm. Hg.) 1.84 .102 14.8 6890
1.78 .102 15.1 67%0
1.81 . 100 14.8 6760
Average Velocity 6870
_g:f, confined in %- inch-thick steel tubing, one inch diameter explosive column.
Ground 1.72 .30% 42.0 7260
(760-764 1.72 . 305 42.0 7260
mm. Hg.) 1.72 . 303 42.0 7210
_!!_-_9. confined in -:--lnch-thlck steel tubing, two-inch diameter explosive column.
Ground 1.78 . 102 13.9 7340
(160-764 1.78 .102 13.9 7340
mm. Hg.) 1.78 102 14. 4 7080
1.17 . 102 13.6 7500
1.78 . 102 13.17 7460
Average Velocity 7340

TNT, unconfined, was not sucessfully detonated in either charge-diameter or at
any ambient pressure.

TNT, confined ln% - Inch-thick steel tubing, one-inch diameter explosive column.,

Ground 1.88 . 305 4.1 6820
(7160.764 1.59 . 303 4.5 6850
mm. Hg.) 1.61 .303 44.7 6780

1.80 . 304 4.7 4800

1.62 . 305 44.5 6850

Average Valocity 6820
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o™, 0720, uneopiined 1 oce-.ich diamer: p colamna
Arerage M easivrad Velocity
Charge Measuires Time ol
Alt-tude Dewity Segraent (micro- Detonation
ETTE ‘ems/ec’ _'mefers) _ s2conds) (meters/second)
Grcuna 17 205 3.1 8010
76:5-764 1 72 . 202 36.1 8370
nm. Hg ° 158 . 305 37 6 8110
175 352 3.9 7950
116 303 37 6 8060

4-crage Velocity —_ 8100

. e 4w

66 »00
0 e HE ) 11 301 3.5 8030
11712 . 305 37 8 807C

SC, L.
13 o Hg 173 308 31 1 8010
HA ) | . ANS 3 0 8030
1. 82 G2 37 ¢ 1970
1.062 315 3n 4 7940
1. 712 302 31.8 1990
Average Veloclty . __.79%0

RDY.INT, 70730 confined (1 1-4 tuch. Jhiek stoel tubing  oue-inch diameter
explosive column

Groand P2 305 38 ¢ 7960
,760-764 1. 74 3¢S 38 5 7920
mm, Hg ! 1.57 305 38.0 8030
.71 . 305 38.5 7920
.13 . 3u5 36 4 7840
161 306 381 8010
L2 30% 38 0 8030
Average Velocity L

I E
(13 . Mg Y 1 62 aee 37 4 8070

5 0 (MSCUSIIUN OF RESULTS

P etme ey c o . o

8.1 'The table shows deconation velocity determinations for sixty-two

sampies  In addttion to theam ~» havs uctertuined that INT, unconfined, cannot
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be completely dato .1ted in one or two-inch diameter columns at amolent prossures
of cne atmosphere or less. This reduces our program to 320 samples, sliminating
MOX-2B and TNT, unconfined. at four altitudes and two diameters of charge,

6.2 We have estimated our experimental error to be 4 3%, maximum,
due to the following probeble sources of error:
(.} Non-uniform density in charges.
0. ) Non-linear velocities over measured segment.

(c.} Precision in measurement of linear distances and alapsed
times.

6 Y Denasity variations within a single column are not readily detected
We are proCeeding with the testing only after each sample is inspected by X-Ray
photography for major flaws, Minor va~iations in density along the explosive
columin are not readily detectable,

6.4 Non-linesr velocities of detonation occur where stesdy-state re-
actiomis not estabut'bod. This is usually corrected by allowing ample '‘run-up"
explosive column ahead of {he measured segment. In our experiments, the weight
limit imposed by our altitude chamber prohidits ample "run-up” column with the
diameters -of-charge specified. This ia probably the explanation for ihe low velo-
city of detomation obtained with the two-inch diameter, H-6 samples.

6.3 Precision of measurament hag bean estimated at lesg than & 19,
maximum. Linear distances are preciss within vne millimeter and time is pre-
cise within one-tenth microsecond

8 & The serics completad on H-0, unconfined, in ore-inch columns

gives the following average velocities:
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Ground : 1350
30,000 feet . 7410
60,000 feet 7490
80,000 feet 1270
Averaga for series . 7380

The maximum variation, 220 meters per second, is only 3% and within

onr cstimated «<xperimxental error.

8 7 investigaticns af detonat!on velocities hs.ve been extensively reported
by the Naval Ordnance Laboratories. 2 few ui the results repo-ted by Liddiard and
Coleburr, NAVORD 2611, 2nd by Donna Price, NAVORD 4510, have been selected
{or 2omparison with our resul*s. NAVORD 2611, September 1952, is designated
Refcrence B in the {ollowing table. NAVORD 4510, Apnril 1657. is designated

Referonce 4 ip the following table.

Yewect-y Confine-
of Charge Charge ment
Detonation Deasity Diameter (inches of Source of

Exolosive (meter/second V_‘gms/cc) ‘inches) steel) Data
R-3 7240 :2) 1172 1.00 . 250 NNC

7380 (206) 179 1.00 none NNC

7440 L 74 1. 625 037 Ref. A.

7163 3y 1. 639 2.491 none Ref. B.
TNT #R20 (5) 1.59 1.00 . 028 NNC

6820 lo 58 had ol ol od bbb Re‘. Au
RD¥,'TNY 79¢0 5) L 69 1. 00 none NNC
70,31 7870 «T® 1. 67 1.00 . 028 NNC

3017 1. 69 cane e Ref. A.

1.¢ FUTURE WORK

1.1 In zeneral, the sxverimnnts will go ahead as planned  with minor
changes in technique and the a<ditior of cne seriss of tests.
7.2 Cur technique has been modified, for the rest of the program, to

include X-Ray examinaton of uil samples before tiey are {ired. In this way, we

Ny
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intend to eliminate samples with {laws and bring about better control of density.
7.3 We intend to add & series of control samples at varied ambient
pressures. These samples will be RDX primacord in sufficient length to bring
ss up to our weight limit. The added length of explosive column and the necess-

ary "run-up" column should provide better than 1% precision for these samplea.
8.0 MAN-HOURS

A total onsxa%. man-hours has been expended on this contract during this

report period.
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